Abstract. The study of laser cladding of powder materials (H13, A11 and M2) onto the tool steel 41Cr4 and C80U was conducted with the aim to establish the influence of overlap ratio, scanning speed and powder feed rate as well as appliance of post-heat treatment on the coating quality and mechanical properties. The highest hardness was achieved for A11 and M2 cladding materials, lowest coefficient of friction -for H13 and M2 coatings. It could be recommended to apply the laser cladding at larger percentage of overlap (50%).
Introduction
Laser Cladding (LC) is surface treatment technique which allows producing thick protective coatings of different materials onto metallic substrates [1] [2] [3] . LC technology offers a great opportunity for hard-facing, refurbishment and even building up (Rapid Prototyping) of expensive machine components, turbine blades, die tooling, moulds etc. [3, 4] . Due to a large amount of parameters, which influences this process, it is necessary to study LC process [2] .
Coatings after thermal spraying processes HVOF (High Velocity Oxygen Fuel) and APS (Atmospheric Plasma Spraying) are quite fragile with low adhesive strength. Although surfaces created by arc welding processes have stable metallurgical bound with the substrate, but they make quite huge thermal effect and have high dilution level of consumable and base material, which causes cracks and damage of the cladded surface as a consequence. For the tool steel, which is being considered as hardly suitable for welding, exactly the LC process guarantees a good metallurgical bound of the cladded and base material with minimal heat input and dilution. There are also known researches about LC of tool steel, which however don't guarantee absence of defects on coating (presence of cracks was confirmed) [5, 6] . For LC (Fig. 1) it is important to define appropriate overlap ratio (OR) percentage to achieve the coating with optimum quality and functional properties. In this work the influence of laser cladding tracks OR 50% and OR 30% as well as appliance of post-heat treatment (stress relief anneal) on the coating quality and mechanical properties was examined. This was the first time such comprehensive research was done when powders М2, А11, Н13 were deposited on substrate steels 41Cr4 and C80U. Fig. 1 . Coaxial LC process scheme (positive x direction coincide to the scanning direction).
Experimental Procedure
The used LC system (Fig. 2) consists of industrial 6 axis robot KR30HA (Kuka) and a 100 μm ytterbium fiber laser (IPG YRL 1000), which emits on wavelength 1070-1080 nm. Laser is integrated to the coaxial powder supplying cladding head WT03 (Permanova Lasersystem).
With aim to establish interaction of three parameters (overlap ratio, scanning speed and powder feed rate) the experiments were carried out using experimental design technique (two level full factorial design with three factors: 2 3 design). By this reason 8 track coatings were deposited (approx. 8 mm wide) which consist of multiple cladding tracks on the top surface of samples with dimensions 100x100x10 mm (Fig. 3) . Three different powders М2, А11, Н13 (particle size 50-150 μm) were deposited on substrate steels 41Cr4 and C80U (Table 1 ). All samples were surface-ground before treatment. Before operating all samples were preheated at 250 °C. Disposition of a focal plane was 1 mm below the treatable surface (defocused beam). The LC parameters were as following: laser power 1000 W; carrier gas flow (Ar) 5 l/min; shielding gas flow (Ar) 10 l/min; powder feed rate 5 g/min; scanning velocity 900 mm/min; combinations of OR 50% and 30%. One part of specimens hasn't been post-heated and another one had post-heating treatment (PH) at 600 °C and was kept for 2 h in a furnace and then cooled in air (stress relief anneal). Interpass temperature didn't exceed 250 °C.
For the testing of coatings the specimens were cut-out on pieces 50x10x10 mm (shown on Fig.3 ), one part was grinded and polished transversely the cladded coating and another part was grinded from the top in order to make hardness test and wear test in post-machining conditions. The coating morphology was examined on transversal cross-sections with SEM (TESCAN-VEGA-LMU II). Elemental composition of samples was determined by the X-ray spectroscopy analysis (EDS module INCAx-act Oxford Instruments). Microhardness profile was measured along the transversal crosssections from the top of the clad to the substrate base with the Vickers hardness tester (Innovatest Nexus 4000; load 200 g). The coefficient of friction was measured in accordance with ASTM G99 using pin-on-disc testing (CSM Instruments Tribometer; ball material 100Cr6, ball diameter 6 mm, wear track radius 2 mm, normal load 3 N, sliding speed 0.05 m/s, track distance 5 m, at room temperature and without lubrication). In order to determine clads OR influence on the coating hardness, a part of deposited coatings was grinded from the top and the hardness of these surfaces were measured in Rockwell scale using ultrasonic hardness tester (Innovatest MET-U1A).
Results and Discussion
The influence of OR and PH treatment on the coating morphology, hardness, friction coefficient and elemental composition were examined. Morphology. While visual examination of the surfaces of the cladded beads no pores or cracks were detected. When examining cross sections of the coatings by SEM (Fig. 4) it was noticed that coatings have a well fused metallurgical bound with the base material -no exfoliations were found. However on some of C80U steel samples inside the coating some cracks have been detected (Fig.  4b) . The bigger amount of cracks was detected on the coatings of material H13 on C80U substrate. Presumably due to a secondary remelting of previous cladding track different interval of fragility has been formed during melt solidification and it caused appearance of hot cracks. Coatings applied on the base steel 41Cr4 haven't got obvious defects.
The height of cladded beads is about 0.3-0.7 mm, the minimum value corresponds to OR 30%. The cladding depth is about 1-2 mm. OR 50% leads to thicker coating with the smallest cladding depth and as a consequence it minimizes dilution, because a part of heat input is being used for the melting of preceded cladded bead. As it is shown on Fig. 4 , keyhole effect was observed -laser emission penetrates under cladded coatings and varies from 2 to 3 mm. 
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Engineering Materials and Tribology XXV intermixing of melt and base occurs and it causes ferrugination of cladded coatings. EDS analysis showed that the alloying components of consumable materials (Cr, Mo, V, W) though in a smaller extent than in the coating, but penetrate underneath it therewith alloying the base material under the cladded coating. The analysis also showed the further cladded beads are positioned from each other the less alloying elements remain in the coatings. The biggest percentage of alloying elements is detected in OR 50% of cladded beads for both samples with the post-heat treatment and without any.
Hardness. Fig. 6 shows microhardness graphs along the transversal cross-sections for H13 cladding material system, according to OR and PH treatment on both substrate types (C80U and 41Cr4). Maximal microhardness value among others (Table 2) was obtained on C80U substrate with 50% OR in the clad zone (CZ) of coating -an average value of 830 HV. Moving to the base of the substrate the microhardness decreases (285 HV for C80U substrate and 256 HV for 41Cr4 substrate). PH noticeably decreases the microhardness values of the coating. As it can be seen from Fig. 6 the PH almost equalizes the difference of overlap influence. It was observed that PH causes less effect on microhardness of coatings with 41Cr4 substrate, which were more stable after applied PH in comparison with C80U substrate. Perhaps the reason is that there is more chrome content in 41Cr4 substrate than in C80U, because chrome increases the heating temperature of steel for heat treatment methods (annealing, hardening and etc). Comparative diagrams of hardness in Rockwell scale for two types of overlap and heat treatment for every cladded material that were grinded from the top after laser cladding are shown in Fig. 7 . Fig. 7 . Diagram of HRC measurements for LC materials on C80U (on the left) and on 41Cr4.
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As it is seen substrates hardness varies from 18 to 26 HRC, but produced LC coatings increase hardness by 150%-350% depending on the cladding material. The highest hardness for A11 and M2 cladding materials was 50-60 HRC (lowest values were for PH specimens) and 30-54 HRC for H13 cladding material. It should be noted that A11 cladding material is fairly stable to a high temperature treatment, therefore kept the hardness after PH almost unchanged due to high vanadium content. Wear test. Fig. 8a shows the diagram of measured friction coefficient mean values of cladding coatings and substrates. It was found that H13 coating despite the lowest hardness presents a good wear resistance. Micrograph of wear track of H13 coating on C80U substrate is shown on Fig. 8b . Concerning M2 material -the coatings has also low friction coefficient, but only for coatings without PH. A11 coatings show poorest wear behaviour in comparison to other coatings. The reason most likely is that the coating material was more wear resistant than testing pin, because dark spot on the ball surface appeared after testing -abrasive wear of testing pin has occurred. 
Summary
It was found out, that overlap ratio directly influences the cladded bead geometry and mechanical properties. Processing with OR 50% leads to thicker coating with the smallest cladding depth and to minimization of dilution. Coatings applied on the base steel 41Cr4 haven't obvious defects. Some cracks were detected on the H13 coatings on C80U substrate -for achievement of stable quality the future research is needed. Produced LC coatings increase hardness by 150%-350% depending on the cladding material. The highest hardness was for A11 and M2 cladding materials that was 50-60 HRC (lowest values were for PH specimens) and 30-54 HRC for H13 cladding material. It was found that H13 and M2 coatings present lowest coefficient of friction. It could be recommended to apply the laser cladding at larger percentage of overlap (50%). Should be taken into account, stress relief anneal considerably decreases cladded surface hardness and friction coefficient as well.
